The aim of this study to investigate the physical properties of short pineapple leaf fibre (SPALF) reinforced high impact polystyrene (HIPS) composites. Three different sizes of the fibre were used in this study which was 10-40mesh, 40-60mesh and 60-80mesh. A five different fibre contents were used in this study which was 10%, 20%, 30%, 40%, and 50%. The fabricated SPALF/HIPS composites were used melt mixing and compression moulding. The physical properties of SPALF/HIPS composites such as water absorption, thickness swelling, melt flow index (MFI), and density board of composites were studied. The result showed that the addition of the SPALF was decreased the physical properties compare to pure HIPS (0% SPALF).
INTRODUCTION
In recent years, the use of natural fibre or lignocellulosic as fillers and reinforcement in thermoplastics has been gaining acceptance in commodity plastics application in the few years. It is interesting point out that the use of the natural fibres in commodity thermoplastics to reduce cost and/or to improve the mechanical performance is not new and there are many of published papers, including patents [1] .
Natural fibres (hemp, jute, flax, henequen, kenaf, banana, PALF, coir, abaca, sisal and etc.) composites combine good mechanical properties with a low specific mass and offer an alternative material to glass-fibre reinforced plastics in some technical applications. However, natural fibre high level of moisture absorption in nature, poor wettability by non-polar plastics, and insufficient adhesion between untreated fibres and the polymer matrix, can lead to debonding with age [2, 3] .
The inherent incompatibility of hydrophilic natural fibres with hydrophobic thermoplastic polyolefin usually yields poor interfacial adhesion, which results in decrease on the mechanical and physical properties of composites to the final products. The effort to improve the efficient transfer of stress from the matrix to the fibres, many works have been done by previ-
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ous researchers to improve the interfacial adhesion, including physical methods (such as corona or plasma discharges) and chemical methods (pre-treatment of fibre surfaces by coupling agents, such as silanes and isocyanates, and/or modification of the matrix by grafting with reactive moieties, such as acrylic acid, acrylic esters, maleic anhydride, etc.). From all of these attempts, maleic anhydride grafted polyolefines were found to be most efficient for composites made of fibres and polyolefin matrices [4, 5] .
EXPERIMENTAL AND METHOD
Materials
The pineapple leaf fibre (Ananas comosus) was obtained from, Pemalang, Central of Java, Indonesia. The fibre were ground and sieve into three different size of 10-40mesh (UFA), 40-60mesh (UFB) and 60-80mesh (UFC) and a five fibre content (10%, 20%, 30%, 40% and 50%) were considered in this experiment. The high impact polystyrene (HIPS) that has been utilised as the matrix polymer is the Idemitsu PS HT 50 that has 1.04 g/cm 3 density and is produced by the Petrochemical (M) Sdn Bhd, Pasir Gudang, Johor, Malaysia.
Preparation of composite 2.Compounding
Compounding was carried out using a melt mixer (a Brabender Plasticorder intensive mixer, model PL2000-6). The mixing temperature and screw speed was set at 165°C and 50 rpm. HIPS were charged in the chamber and after melted (3 minutes), then dried SPALF were added. The mixing process of SPALF and HIPS is about 15 minutes.
Compression molding
The melt compounded mixture that was obtained from the previous process before was placed in the compression molding (Carver hot press) at 165°C temperature and endured the process of preheated for 5 minute, fully press heated for 5 minute and followed by cooling for 5 minutes and after that was formed into sheets. The specimens for the physical test were obtained from these sheets composites.
Testing Procedure
Water Absorption
Samples were cut from sheets composite, and were immersed in distilled water at room temperature for 24 hr. They were removed from the bath and carefully dried with an absorbent paper before weighing. Percent weight change during water sorption was determined as follows (1) Where M 0 is the mass of the dried specimen and M(t) is the mass of the specimen as a function of immersed time.
Thickness Swelling
Samples for thickness swelling have similar size and the same procedure with the experiment of water absorption testing. Three position of thickness measurements were taken for each specimen before immersed in the distilled water. The calculations of thickness swelling are as follows: (2) Where T 0 is the thickness of the before immersion (mm) and T) is the thickness of the specimen after immersion.
Melt Flow Index
The MFI test was carried out according to ASTM 1238. The equipment used was a Toyoseiki Melt Indexer model SO1. Melt flow index was determined by extruded in gram for 10 minutes at condition of temperature 200°C and the total load of piston 5 kg. A 4 minutes was used for heated the sample materials before the measurement. A cutter was cut automatically off extrude at every 30 seconds. The calculations of MFI are as follows: (3) Where: MFI= Melt flow index (g/min) m= Average mass of cut sample (g) T = Sample cutting time for measuring mass, (s) 600 = Number of second in 10 minutes.
Specific Gravity Determination
The specific gravity of the composite was measured by using the Archimedes principle, which involves the immersion of a known weight of composite into distilled water. It was calculated according to formula: (4) Where, ρ = specific gravity of composites W α = the weight of composites in air (g) W b = The weight of composites in the water (g)
RESULT AND DISCUSSIONS
The average values of water absorption, thickness swelling, melt flow index, and specific gravity of SPALF/ HIPS composite are shown in Table 1 . The all of fibre size and fibre content has decreased the physical properties compare to pure HIPS (0% fibre).
Water absorption
Water absorption of composites indicates its capabbility to absorb water after immersion in the water for 24 hours. A SPALF/ HIPS composites at various fibre sizes and fibre loadings after immersion in distilled water has increase the water absorption compare to pure HIPS (0% fibre), it can be seen in Fig. 1 . The increse of fibre loading from 10% to 50% by weight, the water absorption was increased in the ranges 0.4-3.8%. It can be conclude that the material mainly pineapple leaf fibre is highly hygroscopic. The hydrophilic character of natural fibres is responsible for the water absorption in the composites, and therefore a higher content on fibres leads to a higher amount of water absorbed [6] . The similar result was found by George and Thomas [7] , the moisture absorption increased almost linearly with the fibre loading.
The fundamental for the use of natural fibre reinforced composite materials is their susceptibility to moisture absorption [8] . The moisture absorption by composites containing natural fibre has several adverse effects on their properties that affect their long-term performance. For example, increased moisture decreases mechanical properties [9, 10] , physical properties, thermal properties and change their dimension [11] .
Thickness Swelling
In Fig. 2 depicts the thickness swelling of composite board after immersion for 24 hr. The increase of the fibre content for UFA, UFB and UFC will increase the thickness swelling of the composites. The high specific gravity thickness swelling value is resulted of the high moisture absorption by the SPALF. It can be revealed that the poor resistance of the fibres to water absorption can lead to build up of moisture in the fibre cell wall and could result in fibre swelling concern on the dimension stability of composites cannot be ignored [12, 13] .
Melt Flow Index
In Fig.3 shows the melt flow index (MFI) value of the SPALF/HIPS composites at various fibre sizes and loadings. The increase of the fibre content was decreased the melt flow index value of composites. The UFA (10-40mesh) showed the lower MFI value compare to UFB (40-60 mesh) and UFC(60-80mesh) at all the fibre loading(10%-50%). The additional of 50% of the SPALF in the HIPS matrix reduced significantly the MFI to less than 1g/10min for all the fibre used. Fig.4 illustrates the specific gravity of SPALF/HIPS composites. The increase of the fibre content on the composites, the specific gravity of the composite generally increases. The composites with higher containing of SPALF (50%) showed the highest specific gravity because the pineapple leaf fibres have a density around 1.07-1.40g/cm 3 [14, 15] compared to HIPS (0% fibre), which have a density of 1.04 g/cm 3 .
Specific Gravity
CONCLUSIONS
The physical properties of SPALF/HIPS composites have been investigated. The decrease physical properties of SPALF/HIPS composites, particularly water absorption and thickness swelling because the pineapple leaf fibre is highly hygroscopic and it will be effect on the water absorption of composites, and also will be effect on dimension of composites. The additional of SPALF in the HIPS matrix was reduced the flow ability of the composites, it can be related with the lower of MFI value of the composite with the addition of the SPALF from 10%-50% fibre by weight. 
